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INTRODUCTION
Coronary intervention for bifurcation lesions is still challenging due to the different therapeutic options and possible unsatisfactory outcomes [1] . Carina shift is a common clinical condition that interventional cardiologists may encounter during intervention for coronary bifurcation lesions [2] . Distinguishing between a carina shift and plaque shift can sometimes be difficult, which may lead to different strategies and treatments [2, 3] . Optical coherence tomography (OCT) has been widely used to determine coronary plaque properties and thrombus component analysis [4] . In addition, during intervention for bifurcation lesions, OCT can provide accurate assessment preintervention, facilitate decision-making during intervention, and assure apposition and good expansion post-intervention [5] . 3D-OCT can visualize more precisely the geometric configuration through computer reconstruction processing of the twodimensional images.
Here, we report the case of a patient with side branch ostial compromise due to a typical carina shift during a left main (LM) bifurcation lesion intervention that was verified by 3D-OCT and the strategy chosen to treat this bifurcation lesion.
CASE PRESENTATION

Chief complaints
A 42-year-old man was admitted to China-Japan Union Hospital of Jilin University (Changchun, Jilin Province, China) on an emergency basis due to persistent chest pain and transient syncope.
History of present illness
The patient's chest pain started 24 min previously while he was working, and shortly after that he developed syncope and fell down. The patient then regained consciousness after falling down. His colleague called the chest pain center and the patient was transferred to the cardiac catheterization laboratory upon arrival at the emergency room by ambulance.
History of past illness
His past medical history consisted mainly of a 20-pack-per-year smoking history. The patient had no history of hypertension or diabetes.
Personal and family history
His father had an acute myocardial infarction in his 50s. 
Physical examination upon admission
Physical examination showed tachycardia (heart rate: 112 bpm) and hypotension (blood pressure: 80/50 mmHg).
Laboratory examinations
Laboratory assessments showed significantly elevated cardiac biomarkers (troponin I 11.0 ng/mL, myoglobin 1200 mg/L, and creatine kinase-MB 234.0 U/L).
Imaging examinations
Electrocardiography (ECG) in the ambulance showed anterior lead and lateral lead ST segment elevation. Emergency coronary angiography (CAG) was performed with a femoral approach, which showed occlusion of the LM artery ( Figure 1A ).
FINAL DIAGNOSIS
According to the patient's symptoms, ECG findings, cardiac biomarkers, CAG findings, esophagogastroduodenoscopy findings, and the entire disease course, he was diagnosed with acute anterior wall ST-segment elevation myocardial infarction (LM acute total occlusion) and cardiogenic shock (Killip class IV).
TREATMENT
A 6-French JL3.5 guiding catheter was engaged in the LM ostium. When the guidewire (Runthrough NS, Terumo) passed the occlusion, the cardiac monitor showed ventricular fibrillation. With the help of persistent cardio-pulmonary resuscitation, electrical defibrillation and intra-aortic balloon pump (IABP) support, the LM artery was successfully recanalized. Following thrombus aspiration (EXPORT AP, Medtronic, UA, United States), TIMI flow returned to grade 3. A LM bifurcation lesion was identified ( Figure 1B ). There was severe stenosis in the distal LM and the ostium of the left circumflex artery (LCX). His chest pain was relieved and the elevated ECG lead signals returned to normal. As the blood flow in the left anterior descending artery (LAD) and LCX returned, the procedure was stopped due to treatment decision-making, which consisted of coronary artery bypass grafting and stent implantation. The patient's family strongly opposed stent implantation, even though refusal of the intervention would result in great risk. The patient was administered intensified antithrombotic therapy (aspirin 100 mg pd, ticagrelor 90 mg bid, and GPI for 24 h) and continuous IABP support in the intensive care unit postprocedure. The patient refused to undergo further intervention until one week later, during which time his symptoms and cardiac enzyme levels were closely monitored to prevent the onset of serious cardiac events. One week later, the patient had neither recurrent angina nor difficulty breathing. Creatine kinase-MB (3.40 ng/mL) and troponin I (0.89 ng/mL) levels decreased compared with admission levels. Echocardiography indicated normal left ventricular function (ejection fraction 60%). As the patient was relatively stable without angina and heart failure, IABP support was removed. CAG was carried out and showed no significant improvement compared with the previous recording ( Figure 1C) .
After discussion between the heart team and the patient, percutaneous transluminal coronary revascularization was recommended and then performed to treat the LM bifurcation lesion. A radial approach and a 6-French extra back up 3.5 guiding catheter were selected for controlled angiography. The Runthrough NS guidewire was inserted through the stenosis in the LM and the LAD to the distal LAD. Nitroglycerin (400 μg) was administered intracoronary to exclude coronary spasm. OCT was re-evaluated from the LAD to LM. There was a vulnerable lesion in the LM body and plaque rupture in the distal LM. The stenosis in the proximal LAD was moderate ( Figure 1D) . OCT was performed from the LCX to the LM and showed a sharp shape change in the ostium of the LCX, which indicated that the stenosis was caused by the carina ( Figure 1D ). 3D reconstruction confirmed the presence of the long carina at the ostium of the LCX (Figure 2) .
After discussion, a crossover strategy from the proximal LCX to the LM with a jailed wire technique protecting the side branch (LAD) was chosen to treat this lesion. The reference diameters of the proximal LCX, proximal LAD, and LM were measured accordingly ( Figure 1D) . A 3.5/12 mm Promus Element stent (Boston Scientific, Natick, MA, United States) was implanted (14 atm) from the proximal segment of the LCX to the LM. Post-dilation was performed with a 4.0/8 mm balloon (26 atm) at the LM stent with OCT visualization. Good stent apposition and expansion (stent diameter of the LM body was 4.32 mm) was confirmed by OCT after POT in the LM. Thereafter, the carina shifted from the LCX to the LAD (Figure 2 ). This geometrical change was confirmed by OCT and 3D reconstruction. Rewiring the guidewire (Runthrough NS) was performed easily through the distal stent cell struts to the distal LAD. The kissing balloon inflation technique was performed with two 3.5 NC balloons (Boston Scientific, Natick, MA, United States) to adjust the carina. The final cine images of the coronaries were evaluated and showed partial relief of the stenosis of the ostial LAD. OCT was repeated, and showed the presence of tissue (broken carina) protrusion into the LCX stent lumen (Figure 2 ).
OUTCOME AND FOLLOW-UP
The patient was discharged from hospital three days after the procedure. Close follow-up of the patient was recommended. The patient's good clinical course was confirmed by telephone one month and three months after the intervention.
DISCUSSION
We describe the rescue treatment of a patient with LM acute myocardial infarction, the follow-up intervention process with the guidance of intracoronary imaging and the convenience of 3D-OCT during the intervention for the critical bifurcation lesion.
Emerging data have compared the efficacy and safety of immediate stenting and deferred stenting in the acute myocardial infarction setting. Although large randomized trials and meta-analyses have demonstrated no definite beneficial effect of deferred stenting [6] [7] [8] , it still has many applications in high risk thrombus acute myocardial infarction patients after thrombus aspiration. However, few studies have compared deferred stenting and immediate stenting when treating LM coronary diseases due to the high risk of mortality, an exclusion criterion [9] . In our patient, the concern of deferring stenting under the premise of good TIMI flow was mainly for two reasons: the patient and his family strongly opposed further intervention and the high risk of treating the LM bifurcation complex lesions in a hemodynamic unstable patient without the family's consent.
No consensus has been reached regarding the choice of simple or complex strategies and the different techniques one should undertake when a two-stent strategy is needed to treat coronary bifurcation lesions. For LM artery bifurcation lesions, single crossover stenting is better than complex stenting from the point of view of long-term clinical events [10] . In the present case, OCT confirmed the absence of lesion in the ostium and proximal LAD; therefore, we chose a one-stent strategy and crossover from the LCX to the LM. Although the ostium area in the LAD was reduced as a result of carina deviation to the LAD, after rewiring and kissing balloon inflation, a good bifurcation was finally achieved. In addition, as fractional flow reserve has been proved to be a good indicator of side branch long-term prognosis [11] , fractional flow reserve guidance may have been better for the intervention in this case.
OCT has been increasingly used to treat complex coronary lesions, such as bifurcation interventions [5, 12] . 3D-OCT is a more powerful tool, which can allow a better understanding of space changes of the carina during the procedure and determine the necessary strategy to be undertaken [5, 13] . In this case, 3D-OCT clearly showed the angular deviation of the carina, which resulted in the corresponding stenosis seen on CAG. Additionally, 3D-OCT helped to verify optimal rewiring after stenting.
